High-temperature X-ray diffractometer studies of lead nitrate in the temperature range 25-430°C indicate that it is thermally stable between 25 to 380°C and decomposes to lead oxide (red) at 430°C. The lattice parameter has been investigated at various temperatures between 25 and 348 °C using a high-temperature X-ray diffractometer and 10 cm diameter symmetrically focusing back-reflexion camera. The lattice parameter is found to increase parabolically with temperature.
Introduction
Lead nitrate [Pb(NO3)2] crystallizes in space group T (Pa3) and is isomorphous with barium and strontium nitrates. Srinivasan (1955) has studied the thermal expansion in the temperature range 75-175 °C by an interferometric method. He reports that it decomposes beyond 200°C. The thermal expansion has also been found by Hausstihl (1963) using a dilatometric method. However, the lattice parameter of Pb(NO3)2 has been determined only at room temperature (Straumanis & Ievins, 1936; Vegard & Roer, 1941; Swanson, Gilfrich & Ugrinic, 1955) and no data are available on the temperature variation of the lattice parameter either at low or at high temperatures. Hence it was decided to study lead nitrate in order to find the range of temperature in which it is thermally stable and to determine the a parameter and thermal expansion as a function of temperature in the high-temperature range.
Experimental procedure
The powder samples of Pb(NO3)2 were obtained from British Drug Houses Ltd., London and had a specified purity of 99.99%. This powder sample was filtered through a 44/zm sieve to give fairly uniform particle size.
The high-temperature X-ray diffractometer studies were conducted at Bhabha Atomic Research Centre, Trombay. The experimental set up used to obtain the diffraction pattern has been described elsewhere (Momin, Matthews & Karkhanvala, 1971) . All X-ray diffraction studies were made using filtered Cu Ka radiation (36 kV 18 mA). A symmetrically focusing back-reflexion camera of 10 cm diameter was also used for obtaining powder photographs at elevated temperatures with filtered copper radiation.
Diffraction patterns were studied at elevated temperatures between 25 and 430 °C. An interesting feature was observed in X-ray diffractometer study in the temperature range 380-420 °C. No reflexions were observed in the X-ray diffraction pattern between 380 and 420°C. At 430°C an entirely new diffraction pattern compared with the pattern at 348 °C was observed and the colour of the specimen changed to red. These preliminary observations indicate that Pb(NO3)2 decomposed into PbO (red) at 430 °C. To confirm the observed decomposition of Pb(NO3)2, a fresh Pb(NOa)2 sample was taken and was heated to 430 °C. Then it was cooled to room temperature (25°C) and the diffraction pattern was taken; it resembles that taken at 430°C. The above procedure was followed with four samples at the following elevated temperatures: 48, 80, 104, 154, 252, 305, 348 and 380 °C. The diffraction patterns observed with the samples at elevated temperatures (48-380°C) and with the cooled samples were the same. These patterns resembled the patterns taken at room temperature from a fresh sample. The present investigations suggest that the Pb(NO3)2 is thermally stable in the temperature range 25-380°C and that it decomposes at 430 °C. The decomposition is irreversible.
Results and discussion
The high-temperature X-ray diffractometric automatically recorded patterns showed ten reflexions, (422)~,~2, (511)~,~2, (440),~2, (531)~1~ 2 and (600)~1~ 2. A typical diffraction pattern taken at room temperature (25 °C) in the angular range 57 ° to 72 °C is shown in Fig. 1 . These reflexions were scanned at ½° 20/min at different temperatures in the range 25 ° to 348 °C in air. The accurate determination of the lattice parameter was done using the Nelson & Riley (1945) function to an accuracy of +0.0002 A. The lattice parameter so obtained for each temperature is listed in column 3 of Table 1 . The powder photographs were obtained at seven temperatures between 25 and 275 °C. The X-ray powder photographs taken with the back-reflexion focusing camera showed eight lines (931)=1~2, (844)=1~2, (933)=1=n_ • . 2 and (10t0r0)=~=2. These hnes were used m evaluating the lattice parameter at different temperatures using the extrapolation method (Klug & Alexander, 1954) with an error function t; tan ¢. Independent measurements and calculations were made on each film and the average values obtained from these are given in column 2 of Table 1 . The standard errors calculated by the method of Jette & Foote (1935) are also tabulated. The lattice parameter measured in the present work at room temperature is in excellent agreement with those of Straumanis & Ievins (1936) , Vegard & Roer (1941) , and Swanson et al. (1955) . The lattice parameter at various temperatures is given in column 4 of Table 1 . The variation of the a parameter with temperature shown in Fig. 2 is non-linear and a quadratic fitted to these points by the method of least squares gave the following equation" at = 7.8590 + 1"8962 × 10- 4(t --20) +24.3026x 10-s(t-20) 2 . (1) Here a and t are expressed in/~ and °C respectively. The corresponding equation for the coefficient of thermal expansion obtained by differentiation of at with respect to temperature is ~t=23"01 × 10-6+6.02 × 10-st,
where ~ and t are expressed in °C -1 and °C respectively. :The error in the coefficient was estimated to be less than 2 %. The variation of the thermal expansion with temperature calculated from equation (2) is shown in Fig. 3 .
• Srinivasan (1955) suggested that the expansion coefficient varies linearly with temperature. Our results agree with the above findings. It is apparent from Fig. 3 that the present results show more anharmonic effects than that of Srinivasan (1955) . The present values of thermal expansion coefficients are rather lower than those given by Srinivasan (1955) and Haussuhl (1963) . These results are summarized in Table 2 . Hausstihl (1963) 30"00 Dilatometric studies Srinivasan (1955) 31.9 Interferometric studies ..
